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0RGHORIPXVFXORVNHOHWDOVLPXODWLRQ
7KHPRGHORIPXVFXORVNHOHWDOVLPXODWLRQLQWKHSUHVHQWVWXG\ZDVFRQVWUXFWHGXVLQJDFRPPHUFLDOO\DYDLODEOHPXVFXORVNHOHWDO
VLPXODWLRQVRIWZDUH$Q\%RG\0RGHOLQJ6\VWHP>@ZKLFKZDVGHYHORSHGE\$Q\%RG\7HFKQRORJ\,QF,Q$Q\%RG\0RGHOLQJ
6\VWHPDKXPDQERG\LVUHSUHVHQWHGE\DVHULHVRIULJLGERG\OLQNVZLWKPXVFOHVPRGHOHGDVZLUHVIRUWKHZKROHERG\7KH
IROORZLQJERG\VHJPHQWVDUHPRGHOHGKHDGQHFNFKHVWZDLVWSHOYLV VFDSXODHXSSHUDUPV IRUHDUPVKDQGV WKLJKV VKDQNV
DQGIHHW%\SXWWLQJMRLQWDQJOHVDVUHODWLYHERG\PRWLRQDEVROXWHERG\PRYHPHQWDQGH[WHUQDOIRUFHVDFWLQJRQWKHKXPDQERG\
LQWRWKLVPRGHO WKHPXVFOHDFWLYLW\ LVFDOFXODWHGIURPWKHLQYHUVHG\QDPLFVFDOFXODWLRQDQGWKHRSWLPL]LQJFDOFXODWLRQV,Q WKH
FDOFXODWLRQRIPXVFOHIRUFHVWKHHTXLOLEULXPHTXDWLRQLVZULWWHQE\

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,Q(TCdDQGfDUHFRHIILFLHQWPDWULFHVGHSHQGLQJRQSRVLWLRQH[WHUQDOIRUFHVDQGXQNQRZQLQWHUQDOIRUFHVUHVSHFWLYHO\
,QDGGLWLRQHTXDWLRQࢌ ൌ  ሾࢌெ்ࢌோ்ሿ்KROGVLQZKLFKf MDQGf RDUHPXVFOHIRUFHVDQGMRLQWUHDFWLRQIRUFHVUHVSHFWLYHO\,If KDV
HOHPHQWVPRUH WKDQ WKH HTXDWLRQV WKH VROXWLRQVSUHVHQW FRXQWOHVVO\7KHUHIRUH WKHPXVFOH IRUFHV DUH HVWLPDWHGE\ VROYLQJ DQ
RSWLPL]DWLRQSUREOHPLQZKLFKWKHIROORZLQJREMHFWLYHIXQFWLRQDQGFRQVWUDLQWVDUHXVHG1RWHWKDWNiLQWKHIROORZLQJHTXDWLRQ
UHSUHVHQWVWKHSUHGHWHUPLQHGPD[LPXPPXVFOHIRUFHIRUHDFKPXVFOH
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0RGHOLQJPHWKRGIRUWHQVLRQSURSHUW\RIDFRPSUHVVLRQJDUPHQW
7KHEHOWOLNH FORWKV LQ WKH FRPSUHVVLRQJDUPHQWZHUHPRGHOHG DV OLJDPHQWVRI WKH KXPDQERG\ LQ WKH$Q\%RG\0RGHOLQJ
6\VWHP 7KLVPRGHO LV FDOOHG ³YLUWXDO OLJDPHQWPRGHO´ 7KH YLUWXDO OLJDPHQW DV D EHOWOLNH FORWK ZDV GHILQHG WR FRQQHFW WKH
UHIHUHQFHSRLQWVRQWKHKXPDQPRGHOZLWKHDFKRWKHUDQGWRH[KLELWWHQVLRQIRUFHRQO\ZKHQVWUHWFKLQJ7KHVFKHPDWLFILJXUHRI
WKHYLUWXDOOLJDPHQWPRGHOLVVKRZQLQ)LJ%\DGMXVWLQJVHYHUDOSDUDPHWHUVLQWKHYLUWXDOOLJDPHQWPRGHOLWZDVSRVVLEOHWR
UHSURGXFHDUHODWLYHO\VLPSOHWHQVLRQFXUYH)RUH[DPSOHWHQVLRQFXUYHVIRUDWZRFORWKVZKLFKZHUHDFTXLUHGE\XQLD[LDOWHQVLOH
WHVWDQGUHSURGXFHGE\WKHYLUWXDOOLJDPHQWPRGHODUHVKRZQLQ)LJ
,Q RUGHU WR PRGHO WKH DUUDQJHPHQW RI WKH EHOWOLNH FORWKV RQ WKH KXPDQ PRGHO XVLQJ WKH YLUWXDO OLJDPHQW PRGHO LW ZDV
QHFHVVDU\WRGHILQHZKLFKSRLQWRQWKHKXPDQPRGHOZDVFRQQHFWHGWRWKHRWKHUSRLQW$OWKRXJKWKHFRPSUHVVLRQJDUPHQWVERWK
IRUWKHXSSHUDQGORZHUKDOIRIWKHERG\H[LVWWKHFRPSUHVVLRQJDUPHQWIRUWKHORZHUKDOIRIWKHERG\ZDVWDUJHWHGLQWKHSUHVHQW
VWXG\7RDQDO\]HWKLVUHIHUHQFHSRLQWVZHUHGHILQHGRQWKHKXPDQPRGHODVVKRZQLQ)LJ7KHYLUWXDOOLJDPHQWVZHUH
GHILQHGVRWKDWDSRLQWZDVFRQQHFWHGWRDQRWKHUSRLQWDPRQJWKHSRLQWV$QH[DPSOHRIDFWXDOO\GHILQHGYLUWXDOOLJDPHQWVLV
VKRZQLQ)LJ6LQFHLWZDVSRVVLEOHWRVSHFLI\QRWRQO\WKHVWDUWDQGHQGSRLQWVEXWDOVR³YLDSRLQWV´LWZDVSRVVLEOHWRGHILQHD

)LJ%HOWOLNHFORWKVLQDFRPSUHVVLRQJDUPHQW
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YLUWXDOOLJDPHQWDVDQDUELWUDULO\EHQGLQJFXUYHDORQJWKHVXUIDFHRIWKHKXPDQERG\7KLVPHWKRGZDVHVVHQWLDOO\LGHQWLFDOWRWKH
PHWKRGXVHGIRUDVZLPZHDULQWKHSUHYLRXVVWXG\>@7KHGLIIHUHQFHIURPWKHSUHYLRXVVWXG\ZDVWKDWWKHUHIHUHQFHSRLQWVZHUH
SODFHGRQ WKHVKDQNVDQGIHHW LQ WKHSUHVHQWVWXG\DVZHOOZKLOH WKHVHSRLQWVZHUHQRWSODFHGIRUDVZLPZHDU LQ WKHSUHYLRXV
VWXG\
$QH[DPSOHRIDQDO\VLV
,QRUGHUWRFRQILUPWKHHIIHFWRIWKHPRGHOHGWHQVLRQSURSHUW\RIWKHFRPSUHVVLRQJDUPHQWRQWKHPXVFOHDFWLYLW\DQDQDO\VLV
LQZKLFKWKHEHOWOLNHFORWKVZHUHDUUDQJHGDWIRXUSODFHVRQWKHORZHUOLPEVZDVFDUULHGRXW7KHDUUDQJHPHQWRIWKHEHOWOLNH
FORWKVXVHGLQWKHDQDO\VLVLVVKRZQLQ)LJ7KHWHQVLRQSURSHUW\RI³6WURQJ6LP´LQ)LJZDVXVHGIRUWKHIRXUEHOWOLNH
FORWKV7KHDQLPDWLRQLPDJHVRIDUXQQLQJPRWLRQZKLFKZDVSXWLQWRWKHPRGHO LVVKRZQ)LJ7KLVPRWLRQDQGWKHJURXQG
UHDFWLRQ IRUFHZHUH H[SHULPHQWDOO\PHDVXUHG E\ DPRWLRQ FDSWXUH V\VWHP DQG D IRUFH SODWH 7KH UHVXOW RI FRPSDULVRQ RI WKH
DYHUDJHPXVFOHIRUFHVIRUWKHTXDGULFHSVDQGKDPVWULQJVEHWZHHQZLWKDQGZLWKRXWEHOWOLNHFORWKVDUHVKRZQLQ7DEOH)URP
WKH WDEOH UHGXFWLRQV LQ WKHPXVFOH IRUFHV RI 1 IRU WKH TXDGULFHSV DQG 1 IRU WKH KDPVWULQJVZLWK EHOWOLNH FORWKZHUH
D E F 
)LJ5HIHUHQFHSRLQWVIRUFRQQHFWLRQLQYLUWXDOOLJDPHQWPRGHODYHQWUDOVLGHEOHIWVLGHFGRUVDOVLGH

)LJ6FKHPDWLFILJXUHRIYLUWXDOOLJDPHQWPRGHO

)LJ7HQVLRQSURSHUWLHVRIWZREHOWOLNHFORWKV
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FRQILUPHG7KHVHUHGXFWLRQFRUUHVSRQGHGWRDQGRIWKHDYHUDJHPXVFOHIRUFHVUHVSHFWLYHO\,QGHHGWKHVHDPRXQWV
ZHUH QRW ODUJH DW DOO +RZHYHU VXFK HIIHFWV PD\ EH LQFUHDVHG E\ EHWWHU DUUDQJHPHQW RI EHOWOLNH FORWKV ,Q DGGLWLRQ WR WKLV
SRVVLELOLW\ VOLJKWGLIIHUHQFHZRXOGEHGHWHFWDEOH IRUD UXQQHUVLQFH WKHJDUPHQWZRXOGEHXVHGIRUPDQ\KRXUVDQGIRUD ORQJ
SHULRGLQWKHWUDLQLQJ
&RQFOXVLRQV
$VLPXODWLRQPHWKRG WRDQDO\]HWKHHIIHFWRIEHOWOLNHFORWKV LQDFRPSUHVVLRQJDUPHQWRQ WKHPXVFOHDFWLYLW\GXULQJVSRUWV
PRWLRQZDVGHYHORSHGLQWKHSUHVHQWVWXG\E\PRGHOLQJWKHEHOWOLNHFORWKVLQWKHPXVFXORVNHOHWDOPRGHOIRUWKHORZHUKDOIRIWKH
ERG\$VDQH[DPSOHDQDQDO\VLVIRUUXQQLQJZDVFDUULHGRXWXVLQJWKHGHYHORSHGVLPXODWLRQPHWKRG,WZDVFRQILUPHGWKDWWKH
PRGHOHGWHQVLRQSURSHUW\RIWKHEHOWOLNHFORWKVDIIHFWHGWKHPXVFOHDFWLYLW\,QWKHQHDUIXWXUHWKLVPHWKRGZLOOEHH[WHQGHGWR
WKHXSSHUKDOIRIWKHERG\DQGZLOOEHXWLOL]HGWRILQGWKHEHWWHUDUUDQJHPHQWRIEHOWOLNHFORWKVZKLFKLQFUHDVHVWKHHIIHFWRQWKH
PXVFOH DFWLYLW\7KHYDOLGDWLRQRI WKHSUHVHQWPHWKRG LVQHFHVVDU\ DVZHOO ,Q DGGLWLRQ LQRUGHU WR HVWLPDWH WKH HIIHFWVRI WKH
FRPSUHVVLRQJDUPHQWPRUHDFFXUDWHO\PRUHDFFXUDWHPRGHOIRUVNLQFRQQHFWLYHDQGIDWW\WLVVXHVZLOOEHQHFHVVDU\'HYHORSLQJ
VXFKPRGHOLVFHUWDLQO\DIXWXUHWDVN
D E F 
)LJ$QH[DPSOHRIGHILQLWLRQRIYLUWXDOOLJDPHQWV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EOHIWVLGH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